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Abstract 
The carbon capture and storage (CCS) program at the American Electric Power (AEP) Mountaineer Plant Product Validation 
Facility (PVF) is a test program to determine the feasibility of on-site capture and geologic storage of carbon dioxide (CO2) at a 
coal-fired power plant. The injection wells at the AEP Mountaineer Plant are among a select few CO2 injection and storage wells 
to reach the post-injection site care stage in the carbon capture and storage project lifecycle. The post- injection site care program 
has been implemented since the cessation of injection to meet permit requirements, ensure wells demonstrate mechanical integrity, 
and obtain data needed to demonstrate secure and permanent storage. This program includes reservoir pressure monitoring, CO2 
plume modeling, shallow groundwater monitoring, and regulatory interaction and reporting. This paper will provide an update on 
these program activities, including data collection and analysis, as well as share lessons learned with the CCS community. 
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1. Introduction 
1.1. Project Background and History 
From October 2009 to May 2011, American Electric Power (AEP) conducted a carbon dioxide (CO2) capture and 
storage (CCS) demonstration project at its Appalachian Power Company Mountaineer Plant, located near New Haven, 
West Virginia. The project was conducted under the name Product Validation Facility (PVF). During this period, a 
total of 10,219 metric tons of CO2 were injected into the Rose Run sandstone at a depth of 2,362 to 2,392 meters, and 
27,184 metric tons of CO2 were injected into the Copper Ridge dolomite at a depth of 2,482 to 2,545 meters. Injection 
ceased on May 28, 2011, as the project achieved most of the target validation requirements. The injection was 
permitted under the West Virginia Department of Environmental Protection (WVDEP) Underground Injection Control 
(UIC) Permit No. 1189-08-53, which classified the two injection wells as Class V CO2 storage test wells. The permit 
authorized the injection of CO2 into two deep wells, AEP-1 and AEP-2, into the Copper Ridge dolomite and Rose 
Run sandstone, respectively, for a period of five years. Injection ceased prior to the end of the permitted injection 
period. To monitor the injection reservoirs, the project used a network of deep monitoring wells, MW-1, MW-2, and 
MW-3. The location of the injection and monitoring wells and applied monitoring technology are shown in Fig. 1. 
 
The PVF system construction at the Mountaineer Plant was preceded by a U.S. Department of Energy (DOE) 
funded site characterization and feasibility assessment research project from 2003 to 2007. The DOE study included 
a seismic survey and drilling of a stratigraphic test well (AEP-1), which identified the Rose Run Sandstone and the 
Copper Ridge Dolomite as potential injection zones at the site [1,2,3]. The performance of the PVF project was used 
to evaluate the feasibility of a commercial-scale storage system (235 Megawatt, or approximately 1.5 million metric 
tons CO2 per year) by Battelle under contract from AEP as part of the CCS II project [4]. 
 
The CO2 storage injection and monitoring well network is the first of its kind in the Appalachian Basin, 
implemented as a test program to determine the feasibility of on-site capture and geologic storage at a coal-fired power 
plant. The project’s issued UIC permit requires post-injection monitoring for 20 years or until it can be demonstrated 
that the project does not pose an endangerment to underground sources of drinking water (USDWs); the post-injection 
monitoring period may be shortened if site closure conditions are met earlier. The UIC permit allows site closure once: 
 
x the carbon dioxide plume has stabilized, 
x the pressure front has stabilized, and  
x there is no endangerment to Underground Sources of Drinking Water (USDW). 
 
Until the listed conditions are met, the project is classified as being in the post-injection site care and monitoring 
phase. 
 
This paper discusses the post-injection monitoring and site care program implemented following cessation of 
injection, prior to approaching site closure. Site closure is being pursued prior to the original 20-year post-injection 
monitoring period based on the program’s monitoring results. The goal of this paper is to provide an update on project 
operations and provide guidance for similar carbon storage programs based on experience gained during the PVF post-
injection site care and monitoring phase.  
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Fig. 1. AEP PVF well network and monitoring diagram. 
1.2. Post-injection site care program 
There are a limited number of permitted Class V CCS injection wells in the country. The AEP PVF project is the 
first CCS project located on-site at a coal fired power plant to enter into the post-injection site monitoring phase. The 
design and implementation of the post-injection program has led to success in meeting regulatory, safety, and 
operational goals. Because the AEP PVF permit was developed by WVDEP after the US EPA had issued draft 
regulations for Class VI CO2 storage wells, some of the permit requirements, such as the long post-injection 
monitoring period, followed the intent of Class VI regulations. 
 
The post-injection site care and monitoring program was designed to ensure the safety of the USDW, monitor and 
model the CO2 behavior following the cessation of injection, observe pressure front stabilization in the post-injection 
phase, and keep all stakeholders, including state regulators, apprised of the status of the CCS project. The key 
components to this program included groundwater monitoring, reservoir pressure monitoring, CO2 plume modeling, 
and regulatory reporting [5,6]. This paper provides insight into the details of each component of the post-injection site 
care program, including data acquisition, analysis, and interpretation, and the lessons learned from the execution of 
the program.  
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2. Groundwater Monitoring  
2.1. Data Collection Program 
Sampling shallow groundwater wells above the injection site can be used as a method for detecting upward 
migration of CO2 or brine out of the injection zones. This method relies on the ability to detect geochemical changes 
in water quality in the shallow groundwater zone due to the presence of CO2 or brine. Protection of the USDW is of 
utmost importance to any CCS project and is a requirement for the PVF project included in the governing UIC permit. 
 
At the AEP site, the uppermost source of drinking water is the near surface layer of unconsolidated sands and 
gravels that comprise the surface alluvial aquifer (Ohio River alluvial aquifer). This aquifer is approximately 30 meters 
thick and is considered the primary drinking water aquifer in the area. No active public or private drinking water wells, 
springs, or seeps were identified within the area overlying the CO2 injection site during the project planning phase. 
Shallow groundwater monitoring involves repeated collection of water samples from wells completed in the drinking 
water aquifer above the injection site and analysis of the samples for chemical parameters that are indicative of CO2 
or brine invasion.  
 
Shallow groundwater monitoring has been performed throughout the course of the CCS project using piezometer 
wells installed at multiple locations throughout the AEP Mountaineer and neighboring AEP Philip Sporn Power Plant 
sites. Samples have been collected from four piezometer wells completed in the drinking water aquifer; MW-16, 
JTMN-2, MW-4, and MW-5. This system of wells was installed prior to the start of the PVF program for use by the 
AEP power plants. Sampling was performed before the start of injection to provide baseline data for comparison 
between pre-, during and post-injection groundwater chemistry. Fig. 2 shows the location of the four shallow aquifer 
monitoring wells from which samples were collected, as well as other wells in the shallow groundwater monitoring 
system from which samples were not collected. This figure also shows the locations of the CO2 injection wells (AEP-
1 and AEP-2) and the three deep monitoring wells (MW-1, MW-2, and MW-3) that were completed in the injection 
reservoirs. Groundwater monitoring has been a program component of the entire PVF project and is key to the post-
injection site care program, providing critical data to indicate that there is no negative impact to the USDW caused by 
the CCS project. The groundwater monitoring program is a requirement of the UIC permit prior to seeking regulatory 
approval for site closure. 
2.2. Analytical Parameters 
All groundwater samples were processed by independent analytical laboratory services for a variety of parameters. 
The selection of analyzed parameters was based on components that could be indicative of the presence of CO2 or 
brine invasion. Potential short-term chemical changes due to CO2 exposure that may be detectable using fluid 
chemistry include: decreased pH caused by dissolution of CO2; potential dissolution of carbonate minerals (limestone 
and dolomite) by acidic fluids and corresponding increase in alkalinity; mineral dissolution producing an increase in 
TDS due to an increase in cations such as Ca+2 and Mg+2; and increased concentration of acid-soluble metals such as 
iron and manganese. Isotopes can be helpful in distinguishing the injected CO2 from other sources of CO2, such as 
biogeochemical sources. The span of analytical parameters increases the ability to distinguish between groundwater 
chemistry changes potentially caused by the CCS project, as compared to changes caused by local activities unrelated 
to the CO2 injection and storage. Table 1 lists the analytical parameters analyzed for all shallow groundwater samples.  
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Fig. 2. Location of the shallow groundwater monitoring wells and associated groundwater elevations. 
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Table 1. Analytical parameters for shallow groundwater monitoring 
Parameter Type Description 
Cations Sodium, potassium, calcium, magnesium, barium, strontium,  iron, manganese, strontium, lithium, 
aluminum, boron, silica 
Anions Chloride, sulfate, fluoride, bromide 
Physical parameters Total dissolved solids, alkalinity, dissolved organic carbon, pH, dissolved carbon dioxide 
Isotopes Stable carbon isotopes, stable oxygen and hydrogen isotopes 
 
2.3. Results Interpretation 
Although a review of the details of each specific parameter trend through the project’s groundwater monitoring 
program is outside of the scope of this paper, the results of the complete groundwater monitoring program provide no 
indication that the USDW has been negatively impacted through the course of the CCS project at the Mountaineer 
Plant. Analytical results have been interpreted using a variety of methods through the monitoring program. The 
interpretation program includes the use of plots of time series concentration data, Piper Diagram analysis, and cross 
plotting stable Oxygen vs Hydrogen isotopes, shown in Fig. 3.  
 
Each additional sampling dataset provides the opportunity for observation of the groundwater system and the 
changes that it has undergone over the span of time that the PVF project has been active. Considerations for the 
interpretation of the data results are to 1) examine (and rule out) the cause of any changes potentially linked to the 
CCS project operations; and 2) explore options for what other factors could have influence over the groundwater 
chemistry.  
 
This project is unique in that the groundwater monitoring system was installed prior to the start of the CCS project 
planning; therefore, ample pre-injection data was able to be recorded. Another unique attribute of the groundwater 
sampling system is the surrounding area, the AEP Mountaineer Power Plant, which has multiple ongoing operations 
and facilities that could potentially impact groundwater chemistry. An assortment of cations and anions included in 
the groundwater monitoring analyses have shown a pattern of elevation when interpreting concentration data over 
time in one particular well, MW-16. In order to confirm that the CCS project was not the cause of the changes in 
groundwater chemistry, the groundwater data was compared to samples taken from the Copper Ridge and Rose Run 
injection reservoirs. Plotting the Oxygen and Hydrogen stable isotopes of the groundwater well samples and injection 
reservoir brine samples shows that the MW-16 chemistry trend does not follow a pattern reflective of brine 
contamination (Fig. 3). Examination of this chemistry trend was also done using a simple geochemical mixing model; 
the results indicated that the trend was not a result of either brine or CO2 mixing. After excluding the possibility of 
brine or CO2 mixing, other possible chemistry influencing factors were examined. As shown in Fig. 3, the local 
precipitation evaporation slope provides a more representative cause of the groundwater chemistry changes within the 
MW-16 well. 
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Fig. 3. Stable oxygen and hydrogen isotope analytical results. 
The previous example of a change in groundwater chemistry can provide insight into the challenges faced by 
USDW monitoring and protection programs associated with CCS projects. Groundwater chemistry impacts can be 
caused by a variety of natural or anthropogenic reasons; however, the burden rests on the CCS project to monitor the 
groundwater trends and disprove that the changes could be from the CO2 injection and storage. Any groundwater 
monitoring program designed and installed specifically for the purpose of protecting the groundwater in an area in 
which a CCS project is planned should take into consideration the following: 
 
x baseline monitoring duration adequate to observe groundwater chemistry patterns prior to injection; 
x the span of analytical parameters observed to help resolve changes in groundwater chemistry that may be present, 
whether related to CCS or another cause; and 
x activities in the area that may have an impact on groundwater chemistry results. 
3. Pressure Monitoring and Modeling 
3.1. Data Collection Program 
Collecting downhole pressure data from the injection reservoir fulfills several project requirements. The UIC permit 
for the PVF project requires differential pressure monitoring to compare pressure values prior to injection with post-
injection pressures. Additional uses of pressure data are to validate model-predicted behavior of the CO2 within the 
reservoir and to predict the extent of the CO2 plume with respect to the injection well. An assessment of the location 
of the plume at stabilization is also required by the UIC permit for the PVF project. Two of the three goals of the post-
injection site care and monitoring program are achieved through monitoring the reservoir pressure data. Results 
indicate that 1) the pressure front has stabilized, and 2) the carbon dioxide plume has stabilized [7,8]. 
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Continuous monitoring of reservoir pressure has been performed using pressure recorders installed in the injection 
and monitoring wells in the injection reservoirs. The gauges containing the pressure recorders also include a 
temperature recorder so that temperature data is collected concurrent with pressure data. Previous to and during 
injection, the set of recorders, called P/T (pressure/temperature) gauges, were installed in all five wells completed in 
the injection reservoir. The gauges in the injection wells were real-time P/T gauges connected to the surface 
monitoring/readout equipment with a fiber optic line. The P/T gauges installed in the monitoring wells were memory 
gauges, which were installed in tandem for redundancy. The memory gauges were located on a mechanical stop in the 
tubing and periodically retrieved to download, re-program, and then re-install. During the post-injection monitoring 
period, the real-time P/T gauges in the injection wells were augmented with memory P/T gauges. Fig. 4 shows the 
initial installation of the gauges in all five wells. Throughout the post-injection monitoring period, all five deep wells 
were instrumented with downhole P/T memory gauges. 
 
The decision to add memory P/T gauges to the injection wells was a result of the low quality of data returned by 
the real-time gauges. The PVF project’s permit requirements for continuous pressure monitoring within the injection 
reservoir was fully complied with at all times using the gauges in the monitoring well; however, in the interest of 
continuing monitoring activities in the injection wells themselves, memory P/T gauges were installed to ensure that 
higher quality data was obtained. The cause of the low data quality obtained using the real time P/T gauges was not 
resolved by the equipment supplier or through equipment troubleshooting. Memory gauges were not initially installed 
in the injection wells during construction for multiple reasons, including 1) the benefit of real-time pressure data for 
analysis; 2) avoiding any restriction that memory gauges would cause within the injection tubing; and 3) avoiding any 
injection downtime that would be needed to retrieve, download, reprogram, and reinstall memory P/T gauges. 
 
 
 
Fig. 4. P/T gauge installation assembly in the injection (AEP-1, AEP-2) and deep monitoring wells (MW-1, MW-2, MW-3) 
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3.2. Pressure Monitoring Results 
Post-injection monitoring included monitoring the differential between pre-injection and post-injection pressures 
in the injection zones. Reservoir pressure increased up to several hundred psi in the Rose Run well (AEP-2) and less 
than 100 psi in the Copper Ridge well (AEP-1) during injection operations as monitored by downhole gauges. This 
difference in pressure response in the two formations is consistent with their estimated permeability values [1,4]. 
Following the cessation of injection, pressures decreased in both the Copper Ridge and Rose Run formations and have 
reached stable levels. Recent (May 2014) representative reservoir pressures for the Rose Run and Copper Ridge 
intervals are provided in Table 2. Differential reservoir pressures have dropped to approximately 3 psi above pre-
injection levels in the Rose Run sandstone. Reservoir pressure in the Copper Ridge dolomite has returned to pre- 
injection level, indicating an effective differential pressure of 0 psi. The higher pressure buildup and longer fall-off 
time in the Rose Run is due to relative low permeability-thickness: approximately 280 millidarcy-feet (md-ft.) 
compared to approximately 24,000 md-ft. for the Copper Ridge. 
Table 2. Summary of residual reservoir pressure in each injection reservoir through May 4, 2014. 
Injection Zone Injection 
depth 
interval (m) 
Pre-injection 
reservoir 
pressure (psi) 
Post-injection 
reservoir 
pressure (psi) 
Change in 
reservoir 
pressure (psi) 
Difference between post- and pre- 
injection pressures (%) 
Rose Run (MW-1 Data) 2,362–2,392 3,661(a) 3,664  3 0.1% 
Copper Ridge (MW-2 Data) 2,482–2,545 3,932 3,929(b) -3 0.1% 
(a) Pre-injection reservoir pressure adjusted using pressure gradient to account for change in depth of the memory gauges in MW-1. 
(b) A slight negative difference between pre- and post-injection reservoir pressures is indicative of vertical gauge placement, rather than actual differences in reservoir 
pressure. The MW-2 pressure has been stable at this level for over 24 months. 
 
The measurement of pressure in four out of five of the wells was complicated by changes in P/T gauge depth during 
the monitoring program. The movement of the gauges had a variety of causes, each to meet an operational condition. 
Whenever the monitoring P/T gauges were removed from the well, an attempt was made to re-install the gauges as 
closely as possible to their original monitoring depth; however, this was not always possible. In the injection wells, 
when the real-time P/T data was augmented with memory P/T gauge data, the memory gauges were installed as close 
to the real-time P/T gauge position as possible, but were offset by a depth that had an impact in pressure data collected. 
When an offset in depth occurred from one monitoring period to another (pre- and post- P/T gauge retrieval), an 
adjustment to the pressure data was applied to show representative pressure trends and remove the impact of gauge 
placement within the well.  
 
On some occasions, the real-time and memory-type P/T gauges data appeared to be low quality. During the post-
injection site period, each injection reservoir contained at least two wells recording representative pressure data, which 
aided in extracting actual reservoir behavior trends from impacts of wellbore conditions or gauge malfunctions. A few 
operational challenges encountered in collected gauge data were: 
 
x memory gauge carrier (protective case) or tubing stop seating location plugging with debris, preventing 
representative data collection; 
x “drifting” data exhibiting slightly different results from redundant gauges installed in tandem; 
x “noisy” data that contain erratic values that spike up/down, which are unlikely in reservoir conditions; and 
x loss of data due to equipment or power supply failure between recording and/or downloading events. 
 
The key to maintaining good representative pressure data in the monitored injection zones was the installation of 
gauges in multiple wells within the same reservoir and the redundancy of memory P/T gauges within the same well. 
Although design for the amount of redundancy is project dependent, having two P/T monitoring gauges within each 
well and at least two wells with installed gauge (sets) within an injection reservoir will help ensure that regulatory 
requirements are met. 
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3.3. CO2 Plume Extent Modeling Prediction 
Injection rate and reservoir pressure was monitored and compared between the wells within each reservoir. This 
monitoring showed hydraulic connectivity of the reservoirs between the injection wells and the monitoring wells. 
Hydraulic connectivity allowed for pressure modeling using data from both the injection and monitoring wells to 
analyze reservoir pressure increases caused by injected CO2 and resulting plume pressure front. 
 
Modeling efforts consisted of using a 2-D radial-cylindrical model based on “average” conditions in the study area 
from integration of well-log data. STOMP-CO2 software simulations were carried out to calibrate the observed 
pressure response, using a trial-and-error procedure [8,9]. This involved varying 1) permeability near the injection 
well; 2) permeability of the far-field region; and 3) relative permeability model coefficients. Non-unique combinations 
of these parameters were found to produce a similar pressure match, but different estimates of plume migration. 
 
For the Copper Ridge formation, excellent matches were obtained for the injection pressure/rate data at AEP-1 and 
observed pressures at MW-2. The corresponding estimates of radial plume migration range between 302 and 320 
meters (990 and 1,050 feet) (Fig. 5), given the non-uniqueness in calibration due to competing effects of absolute and 
relative permeability on pressure response. 
 
For the Rose Run formation, excellent matches were obtained for the injection pressure data at AEP-2 and observed 
pressure at MW-3, although the match with MW-1 pressures was less satisfactory. The corresponding estimates of the 
radial plume migration range between 155 and 183 meters (510 and 600 feet) (Fig. 6), also because of calibration non-
uniqueness. 
 
 
  Fig. 5. Predicted CO2 plume extent in the Copper Ridge dolomite and associated calibration-related uncertainty [8] 
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  Fig. 6. Predicted CO2 plume extent in the Rose Run sandstone and associated calibration-related uncertainty [8] 
3.4. Model Validation using Pressure Data 
Pressure data collected during the post-injection monitoring period provide an additional set of observations to 
validate the calibrated model and ensure that the previous model-based predictions of CO2 plume migration are 
reliable. A good match between observed pressures and model-predicted values indicates that the calibrated model 
provides satisfactory estimates of plume migration. To test this hypothesis, the calibrated model was re-run for an 
extended time period of three years after the end of injection to provide additional model-predicted pressure values. 
Because none of the model parameters were modified, this can be taken as a “blind” test of the calibrated model’s 
predictive ability. On the other hand, any major discrepancy between model predictions and observed pressures would 
suggest that matching the long-term pressure behavior in the system requires additional adjustments to model 
parameters and/or conceptualization of the geologic framework.  
 
During the post-injection monitoring period, the pressure at MW-2 has essentially flat lined. These data indicate 
that the pressure within the Copper Ridge reservoir, as observed at the monitoring well MW-2 (approximately 
670 meters) from the injection well), has stabilized. Fig. 7 shows a comparison between model predictions and 
observations of pressure buildup at MW-2 for the Copper Ridge formation. Note that the pressure buildup becomes 
negative at approximately 1,000 days, indicating that the reservoir pressure at MW-2, located approximately 
670 meters away from the injection well, has fallen below the initial (pre-injection) reservoir pressure. One reason for 
such behavior could be that the estimated “static” pressure (used for calculating pressure buildup above reference 
conditions) was in fact some transient value that had not quite stabilized. The other reason could be differential fluid 
depletion to adjacent low-permeability layers over/underlying the injection reservoir. In any case, the minimal rate of 
pressure decline suggests that the reservoir is returning to stable conditions vis-à-vis pressure disturbance migration 
and corresponding fluid displacement. 
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In a similar way, Fig. 8 shows a comparison between model predictions and observations of pressure buildup at 
MW-1 for the Rose Run formation. Data collected during the post-injection monitoring period are shown as red 
crosses, clearly establishing the pressure decline trend. The unadjusted model predictions match the observed data 
quite well, indicating the robustness of the calibrated model. The late-time model response suggests a slower pressure 
recovery than what was observed – although pressure decline rates (i.e., slope of the pressure v/s time curves) appear 
to be quite similar.  
 
 
 Fig. 7. Comparison of model predictions and observations for pressure response at MW-2 (Copper Ridge dolomite) [8] 
 
 Fig. 8. Comparison of model predictions and observations for pressure response at MW-1 (Rose Run sandstone) [8] 
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3.5. Considerations for CCS Pressure Monitoring Programs 
Pressure monitoring within the injection reservoir prior to, during, and post-injection is a critical part of the CCS 
site monitoring program. The data obtained from the pressure monitoring program are used to compare differential 
pressure throughout the project’s lifecycle, provide input to models, verify model calibration and output, and meet 
regulatory requirements of pressure and plume monitoring.  
 
There are some considerations that can help improve the quality of the pressure monitoring program in the design 
and pre-injection phases that have the potential to have a dramatic impact on the pressure monitoring and modeling 
program: 
 
x equipment selection and specification should be key in designing injection and monitoring wells within the 
injection reservoirs; 
x equipment power sources and potential interference that can impact data quality should be considered; 
x gauges may need to be moved between different depths during the course of the monitoring program, so a plan 
for interpreting and adjusting data should be considered prior to installation and baseline monitoring; 
x the reservoir and well environment may lead to the loss or reduction in quality of portions of monitoring data, so 
redundancy within a well and a given reservoir can help ensure that permit monitoring requirements are met even 
if some data is lost during the monitoring program; 
x the application of modeling software can lead to uncertainty in plume location, so this should be planned for 
during team and stakeholder interactions and project planning. 
4. Reporting and Regulatory Interaction 
4.1. Reporting Program 
The reporting requirements for the PVF project were set by the UIC permit. Reporting required in the post-injection 
monitoring period included an annual report update to address all UIC permit requirements, referred to here as the 
UIC Annual Report, and an update to the Post Injection Site Care and Site Closure (PISC&C) Plan, which addresses 
the site care and monitoring program in the post-injection phase. The PISC&C Plan also includes estimates of plugging 
cost (for financial responsibility assurance) and procedures for plugging and abandonment of the project wells during 
site closure. The report updates were submitted to the regulatory agency, the West Virginia Department of 
Environmental Protection (WVDEP), by AEP [5,6] on schedule throughout the post-injection monitoring period.  
4.2. Regulatory Interaction 
All required reporting was submitted on schedule during the post-injection period; however, dialogue between AEP 
and the WVDEP was not frequent, aside from these submittals. Little to no discussion of the reporting took place 
during the post-injection site monitoring period. In this case, all of the permit requirements were adequately met; 
however, more frequent interaction and discussion between all stakeholders could have improved overall sharing of 
information, which could have potentially increased knowledge between all interested parties while approaching the 
site closure phase. 
5. Summary  
The post-injection site care and monitoring program at the AEP Mountaineer Power Plant’s PVF project has been 
successful and has fulfilled all obligations and regulatory requirements. The program was successfully implemented 
in a multifaceted approach, consisting of groundwater monitoring, reservoir pressure monitoring, CO2 plume 
modeling, and regulatory reporting. Through this approach, it has been shown that 
   
x the carbon dioxide plume has stabilized, 
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x the pressure front has stabilized, and  
x there is no endangerment to USDW. 
 
There have been multiple opportunities throughout the project to make observations that may be beneficial for 
others in the CCS community to consider while planning CCS projects start-to-finish, or approaching the post-
injection site phase on existing CCS projects.  
 
A thorough groundwater monitoring program is required to ensure the protection of the local USDW. Aspects of 
any groundwater monitoring program should include consideration for extended baseline monitoring to observe local 
groundwater chemistry trends, testing of a span of parameters to satisfy trend analysis, whether caused by CCS 
activities or other local factors, and awareness of activities in the project area that may impact the groundwater 
chemistry. 
 
Pressure monitoring programs are key to reservoir monitoring, especially during the post-injection phase 
approaching site closure. Comparison of post-injection pressure fall-off to pre-injection (baseline) pressures and 
modeling of the CO2 plume extent and stability are required for Class V UIC permitted wells prior to site closure. 
Proper specification and observation of equipment used to collect the pressure data can help ensure that the data 
collection needs of the project are met. Pressure monitoring redundancy within a well and a reservoir can help resolve 
issues caused by data that is either lost or appears to not be representative of reservoir conditions. A variety of 
placement options for pressure monitoring should be considered prior to the start of the monitoring program to ensure 
that operational requirements do not lessen the ability to use collected data. The ultimate use of the data for plume and 
pressure front modeling should also be considered and shared with project stakeholders, especially relevant regulatory 
agencies, to ensure awareness of the capabilities and limits of modeling approaches, so that reasonable expectations 
are set and acceptable results are delivered. 
 
For all CCS projects, all minimum regulatory reporting requirements should be met on schedule and to fully comply 
with the issued permit. It may also be advantageous for stakeholders, regulatory and permit holders, to interact on a 
regular basis at the time of key deliverables to confirm mutual understanding of current project status and upcoming 
program plans as the post-injection site care and monitoring phase approaches the site closure phase. 
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